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STATISTICAL SURVEY OF ICING DATA MEASURED ON SCHEDULED ATRLINE FLIGHTS
OVER THE UNLITED STATES AND CANADA FROM NOVEMBER 1951 TO JUNE 1952

By Porter J. Perkins

SUMMARY

A statistiecal survey and a preliminery analysis are made of icing
data collected from scheduled flights over the United States and Canads
from November 1951 to June 1952 by airline aircraft equipped with NACA
pressure-type lcing-rate meters. This interim report presents information
obtained from & continuing program sponsored by the NACA with the cooper-
ation of the airlines.

An analysis of over 600 icing encounters logged by three sirlines
operating in the United States, one operating in Canads and one operat-
ing up the coast to Alasks,is presented. The icing conditions en-
countered provided relative frequencies of many icing-cloud variables,
such as horizontal extent, verticael thickness, temperatures, icing
rate, liquid-water content, and total ice accumulation.

Liquld-water contents were higher than data from earlier research
flights in layer-type clouds but slightly lower than previous data from
cumulus clouds. Broken-cloud conditions, indiceted by intermittent icing,
accounted for nearly one-half of all the icing encounters. About 90 per-
cent of the encounters did not exceed a distence of 120 miles, and con-
tinuous icing did not exceed 50'miles for 90 percent of the unbroken
conditions. Icing cloud thicknesses measured during climbs and descents
were less than 4500 feet for 90 percent of the vertical cloud traverses.

INTRODUCTION
Meteorological deta obtained from NACA icing research flights in

supercooled clouds have provided information for the design of present
ice-protection systems (ref. 1). These data were received from a rela-
tively small nunmber of flights within the United States. As a result of
specialized flight plaenning involving selected weather conditioms, flight
paths, and crulsing altitudes, the information provided may not have been
‘representative of conditions encountered by aircraft on routine schedules
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following conventional flight procedures. _Additional knowledge of the
icing problem including the extent, frequency, an@ severity of icing con-
ditions experienced by scheduled sirlines over world-wide air routes is
required by aircraft designers and by alrcraft operators in prescribing
flight control procedures. l = T
A program to obtaln these more extensive icing—cloud data is being

conducted by the NACA Lewis laboratory in cooperat iom_with several major
airlines and the United States Air Force. Several types of alrcraft are
equipped wilth NACA pressure-type icing-rate metert specifically developed
for measuring lcilng encountered during scheduled operatlons A.prelimi-.'
nary report has been issued (ref. 2) which described the initial phase of
this program over only one transcontinental sir route in the United States
from January through May, 1851. The program later was expanded to cover =
many domestic and overseas eir routes and off- airﬁay areas.

This interim report presents & preliminary analy81s of data collected
by three airlines (United, Eastern, and Northeast) operating in the United
States from November 1951 to June 1952. Data for jthe same period have
also been included from Trans-Canada Air Lines operating across southern
Canads and from Pan American World Airways flying thetPacific Coast route
to Alaeskas. A limited number of aircraft from each airline were eguipped
with the lcing-rate meters which recorded continuous yalues of altitude, .
airspeed, and icing rate during leing conditions. lMuéh_of the data was o
limited to film records only. The cooperation of the. airlines in ob~ '

taining these data 1s gratefully acknowledgéd. b= . E H_A;L_P'

A detailed study of the frequency of icing conditlons with respect
to total time over the various routes was not possible because the “total j
flight times of the instrumented aircraft were unknown An inspection -
of flight logs will be made later to find the flight time on airways and
at various altitudes. b=

APPARATUS AND PROCEDURE . - ' TE -
Icing-Rate Meter : =

The icing-rate meter installed on the airline’ aircraft was a pressure-
actuating type developed by the NACA Iewis laboratory ‘specifically for
collecting statistical icing data. The meter (described in ref. 3) con-
sists of three units, the ice-sensing probe, the film recorder, and the _
control unit (fig. 1). ﬁ z A .

The principle of operation of the meter 1s explained in figure 2,
which shows an ice-sensing probe of O.l-inch diameter containing small
total-pressure holes mounted In the alrsgtream and tonnscted to a differ-
- ential pressure switch. The total pressure from the probe is balanced oL
agalnst an ice-free total-pressure system (the conventional pitot pressure
system in the aircraft). When the holes in the ice Bensing probe start to

plug as ice builds up on the probe, the pressure in thé probe side of the = __

S lwy
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pressure switch decreases. This is accomplished by allowing the alr in
the system to flow out through s small oriflce connected to a static-
pressure source. AL a given value of dlfferential pressure, the switch
energizes an electric heater which de-icee the lce-plugged holes, thereby
restoring the pressure balance. The time required to actuate the switch,
or the heat-off period of this cyelic process, is inversely related to
the rate of lce accumulstion on the probe and is used as a measure of the
leing rate. The calibration of the ice-sensing probe for rate of ice
accretion in inches per hour is discussed in the appendix.

Recording of Data

Icing rete, indicated airspeed, and pressure altitude were recorded
on photographic film contained in a replaceable drum. The film recorder
started automatically at the beglnning of each icling condition and shut
off automatically 15 minutes sfter the end of lcing for each encounter.
The 15-minute record after icing had terminated provided approximately a
minimum of 50-miles separation between icing periods when icing clouds
were encountered more than once during the same flight.

A special data sheet requesting supplemental information from the
£light crews was supplied by the NACA to correlate with the recorded datsa.
The data sheet (shown in fig. 3) includes such items as time, date, loca-
tlon, and effects on aircraft performance.

A typical £ilm record of icing encountered during a routine airline
flight is shown in figure 4. Alrspeed and altitude are recorded as con-
tinuous traces, and the lcing-rate indicatlons are shown as broken hori-
zontal lines at the bottom of the £ilm varying in length according to the
duration of the heat-off period. The length of each broken line is con-
verted to time and then to icing rate by using the icing-research-tunnel
calibration discussed in the appendix. Correlatlon of the film data with
the flight crew observations when available provided detalled Information
for each icing encounter.

Installation on Alrcrsft

The iclng-rate meters were installed on five different types of air-
craft (DC-3, DC-4, Convair 240, Constellation, and North Star). A typical
installation of the ice-sensing probe mounted on a DC-4 is shown in fig-
ure 5. The installations were ususlly on or near the top of the fuselage
and as far forward as posslible. Flight tests on each type alrcraft were
made to determine whether the ailr-flow characteristics and total pressure
at the probe locations were the same as those measured by the conventional
pitot tube.
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The £ilm recorder was mounted in the aircraft at a convenient loca~ .
tion for replacing the film drums. The airspeed and altitude capsules
in the recorder were connected to the conventional total- and static-
pressure systems in the aircraft. The indicating| lights on the control
unit, or in some cases on a separate panel in thelcoékpit, alerted the
flight crew to record the information on the suppiemeﬁtal data sheet when
the f£ilm recorder operated in an icing condition.f An"indication of the

rate of icing on the lce-sensing probe was”suppliéd to the crew by a
flashing light paralleled with the cyclic de-icing system of the probve.

ANALYSIS OF DATA o

An icing encounter was defined as a period of continuous or inter-
mittent icing where periods of nonicing did not exceed 15 minutes. Peri-
ods within an icing encounter during which ice accumulation was contin-
uous, as indicated by at least one operating cycle of the meter during
a l-minute period, are defined in this analysis as icing incidents.
Separsting periods of continuous icing from periods of nonicing gave &
limited estimate of the dlscontinuous nature of the lcing clouds.

Individual lcing encounters were separated on the film by simul-
taneous breaks in all the continuous traces. Eacﬁ enc¢ounter was them - .
asgoclated with the corresponding entries on the data sheet. The encoun-
ter was marked off on the film in l-minute intervdls) and the icing-rate,
‘altitude, and airspeed traces were each averaged and computed as one value
for each l-minute period. The pressure altitude was peasured to an .
accuracy of +100 feet using NACA standard atmosphe&e-jiSince the indicateq
airspeed fluctusted considerably, partlcularly in areas of turbulence,
the aversge values were calculated within about +3| miTes per hour.

The simultaneous measurements of altitude and*:gte of icing on the
f£1lm made possible an analysis of the vertical exténtlpr thickness of
icing-cloud layers encountered during climbing and|degcending. These
cloud-thickness measurements may not in some cases|be fully correct be-
cause of the impossibility of determining from the| recdrds whether the’
alrcraft traversed the full extent of the layer. fhe alrcraft may have
entered or emerged from the cloud at some point bebween the top and bottom.
Also, errors may be caused in some cases by long h?riiBFtal distances
resulting from slow rates of climb or descent. Also, in many cases the
vertical extent of multiple layers may not have beén CQmpletely sur-
veyed because cruising altitudes are often éésigneé'be@ween_cloud
layers. ’ : L T T

The measurements of icing rate and asirspeed were iised to calculate
values of liquid-water content of the icing.clouds}- In this report _
liquid-water content w 1n grams per cublc meter ﬁas computed from the
relation v =

)

el Il{: of Lok

3017

Twila

L

I+

d



LTOS

NACA RM ES55F28a - 5]

w = 15.8 (R/V)(p/E)
where
R icing rate, in./hr
V  true asirspeed, mph
p densglty of dce
E collection efficiency of sensing probe

Both the density of ice p on the probe and the droplet collection effi-
ciency E of the probe were assumed constant with p/E as unity for all
conditions. Some simultaneous measurements of liquid-water content using
the icing-rate meter and rotating multicylinders have been made during
lcing research flights. This limited comparison showed that the meter
measurements are generally higher then those from the cylinders, partlcu-
larly in conditlons where liguld-water content fluctuated considerably
and produced high peak values. The two methods agreed within 10 percent
In icing conditions that produced a steady rate of lcing with water con-
tents under 0.5 g/cu m. Collection efficiency variations resulting from
changes in droplet size and limited accuracy of the lcing-rate measure-
ments probably contribute to the limited agreement of the two measuring
methods.

Droplet-size data were not obtalned in this program because of
megsurement difficulties, thereby preventing a complete evalustion of the
severity of the icing encounters. The probable severity of the icing
conditions can be estimated, however, by relating the extent of the iecing
encounters, the liquid-water content, and the temperature data which are
measured in this survey to previous lcing measurements which included
droplet sizes. The frequency distribution of droplet sizes have been
obtained by instrumented research f£lights by the NACA and other agenciles
and are reported 1n reference 4.

RESULTS AND DISCUSSION

The approximately 600 icing encounters analyzed 1n this report were
logged during the period from November 1851 through June 1852. These
encounters gave almost 10 times the amount of data reported in the pre-
liminary survey of reference 2 because of the greater smount of £lying
time accumulated during the letter period. The data are assembled and
summarized in tebles I and II. Table I contains all icing-rate meter
measurements which could be assoclated with the corresponding flight crew
observations. Table IT contains all icing-rate meter measurements which
could not be associated with flight crew observetions either because of
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questionable correlation of the individual icing encBunters or the ab-

sence of any flight observations when the meters iweré operating. Flight

crew observations which could not be correlated %ith _any icing-rate meter
records were included 1n analyses of the frequency of occurrence of icing
with respect to altitudes and icing-cloud temperatures

Because of the manner in which the data Were coIlected the 1cing
date presented herein should not be used to evaluate the full range of
meteorological variables that may be associated Gith icing clouds. The
ailrline aircraft collecting the data followed conventional flight pro-
cedures established to reduce the potential hazard of icing encounters.
Known ileing conditions were probably savoided whenever possible. If fcing
was encountered which was considered hazardous on in"eny way hampered the
conduct of the flight, airway clearances were Obtained, if possible, to
climb or descend out of the icing condition. As a résult, such conditions
would not be fully surveyed since the maximum horizontal extent would not
be known and possibly the maximum severity would ‘hot be encountered In
some cases, however, severe conditions cannot be avoided because of trafs-
fic restrictions or altitude limitations. The ockurfence of such circum~
stances is undoubtedly very infrequent; thereforeL the full extent and
severity that may exist in icing conditions will probably not be measured
during scheduled airline operations until a large amdlint of data is as-
sembled. The amount of information presented herein is probably suffi-
clent to give representative icing values for airline operation over many
of the areas covered. :

The number and types of instrumented aircraft with the corresponding
nunber of lcing encounters over the various sair routes are listed in the
followlng table. Although five types of airline aircraft were instru-
mented, most of the meters were installed on type? which limited a pre-
dominant part of the data to relatively low altitudes

Alrline Number of Type of . Routes covered Number of
airecraft with alrcraft = .licing
meters installied = encounters

United 6 DC-4¢  |Transcontinental 319
and Paciflc
Coast U.S.
Rastern 1 Constellation Eastenn UfS. 83
: 749 .
Northeast 2 DC-3 and [Northeast U.S 58
Convair 240 7 =
Traens-Canada 1 North Star Transcontinental 79
(DC-4) (Southern
Canada)
Pan American 1 DC-4 .Pacifrc Coast 83
between U.S. and
Alaske T
Totals 11 5 types 6}aré%s 622
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Alr routes covered by survey. - All the lcing data were collected
along the air routes flown by the five airlines as outlined iIn figure 6.
The ‘United States was covered by a transcontinental air route from New
York to San Franclsco, by East Coast routes from Miami to northern Maine,
and by a West Coast route from Los Angeles to Seattle. A limited emount
of deta was obtalned from a transcontinentael route across southern Canads
end from a Pecific Coast route to Alaska from Seattle. The air route
acrosg the United States, which was also surveyed the previous seagon
(ref. 2), supplied data from the Great Lakes area and over the Central
Rocky Mountalns. '

The frequency of occurrence of lcing with respect to particular
areas or routes could not be determined at the time of this analysis be-
cause the amount of totel flying time with meter-equipped aircraft over
any perticular ares or route, for the period of the survey, was not known.
Since the instrumented aircraft were not generally confined to any one
route, the datas received from g particular aireraft did not represent the
frequency of icing for a glven route. :

Horizontal Extent of Icing Clouds

Prolonged periods in icing conditlions even at low rates of accumula-
tion can produce adverse effects on aircraft performance. Certain un-
protected aircraft components which can tolerate small accumilations of
ice are hampered by large accretlions resulting from extensive icing peri-

‘ods. Hence, the horizontal extent of an icing encounter is of particular

slignificance in evaluating icing conditions. The extent of icing during
airline operations 1s usually measured during straight-line flight, &l-

though some encounters may be prolonged because of holding or following

some other traffic-control procedure within an icing area. The distance
between scheduled stops influences the extent of icing measured by some

airlines, particularly those with short routes.

A study of the film records showed that almost one-half the pro-
longed icing encounters contain intermittent periods during which ice
does not form indicating broken icing-cloud formations. Conditions of
continuous ice accretlion over appreciable distances were rather infre-
quent and usually were assoclated with severe icing conditions. In cases
of prolonged nonicing periods, more than one icing encounter was logged
during the flight since, as discussed previously, the meter stopped after
a period of nonicing exceeding 15 minutes.

The horizontal extent of iclng encounters is tgbulated in tebles T
and IT. A cumulative frequency curve plotted from these values (fig. 7)
shows that gbout 10 percent of the encounters extended 120 miles or more
and that the greatest distance in an icing encounter was 430 miles. Over
400 separate encounters from all the air routes surveyed during the season
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are included in this plot. The date include the éncounters recorded dur-l
ing climb and descent as well as at cruising altifudes and, therefore,
define the extent of ilcing encounters as experien ed during routine alr- -

line operating procedures. L D= g o

The number of icing incidents (periods of continuous ice accretion)

within any encounter is tabulated in tebles I and!II." Over one-half the =

encounters were single icing incidents (continuous during entire encoun-
ter). Only a very small percentage of the encounters contained four.or
more icing incidents as shown on the graph in figure B The maximum num-
route to Alaskas where 10 incidents were recorded over a distance of 147
miles in one case and over a distance of 213 miles.in snother. - .

The longest lcing incident within each encourter is also tabulated
in tables I and IT. The maximum extent of continuous icing measured was
124 mlles, whereas 90 percent of the longest inciqents within each encoun-
ter were less than 50 miles. These data are plotted as & cunulative
frequency curve in figure 9. , |

The exlstence of nonicing periods within an encolinter shows that -
continuous ilcing protection may not be needed during an entire encounter.
In many cases, the extent of icing in discontinuous clouds is less than
one-half the total extent of the encounter.— The lengths of each individ-
ual icing ineldent within each encounter were added together and tabuleted
as total horizontal distance in icing for each encounter (tables I and II).
These data, plotted as a cumulative frequency curve in figure 10, show
that 90 percent of the combined lcing incidents extended less than 70
miles whereas 90 percent of the full encounters (including nonicing peri-
ods) extended less than 120 miles (fig. 7). '

Vertical Extent of Icifig Clouds ~

About 40 percent of the encounters were recorded during either climb
or descent, thus providing a substantial quantity of data for evaluation
of the thickness of icing cloud layers. Po®sible prrérs in the inter-
pretation of these data were discussed in the ANALAYSIS OF DATA section.
Depending on the operation of the meter, the data Wweré& grouped for single
or multiple cloud layers. A multiple-layer cloud system was interpreted
from the. film record when & period of nonicing existed for &t least 1
minute while the alrcraft was changing altitude. This method does not
establish the actual existence of multliple layers but rather separates
intermittent conditions from continuous periods of ice accretion during

climb or descent. : ) . =

The vertical extent of icing clouds obtained from these data 1s .
plotted in figure 11. The. maximum multiple-cloud thickness meagsured was
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10,800 feet compared with only 4000 feet measured during the early part
of the statistical program (ref. 2). The 10,800-foot descent (12,800 to
2000 feet over the East Coast U, S.) appeared to be composed of three
layers of lcing clouds In which lcing was measured during 44 percent of
the descent, The maximum thickness of single layers measured 5500 feet.
The cloud thicknesses for all single and multiple layers flown through
did not exceed 4500 feet for 90 percent of the climbs and descents., It
is of interest to note that about two-thirds of the data providing cloud
thickness measurements were obtalned during descent and only about one-
third during climb., This Indlcates that, operaticmally, lcing can be
more readlly svolded during climb, probably because preflight briefing
permits a cholce of flight path which would in meny cases avold flight
through a cloud layer.

Altitude Range of Survey

The ailrline aircraft collecting the icing data operated over a range
of altitude, determined by the type of aircraft, the distance between
stops, and the type of terrain over which the flights were conducted.

The emount of £light time at various altitudes could not be cobtained for
the present data and, therefore, the frequency of occurrence of icing
with respect to altitude could not be determined. Icing was encountered
at altitudes ranging from 1500 to 22,000 feet, whereas the most frequent
cruising altitude was 10,000 feet. Because of the small emount of time
at higher altitudes, only 5 percent of the lcing was encountered at alti-
tudes over 15,000 feet. United Alr Lines' £lights across the United
States and along the West Coast encountered icing predominantly between
5000 and 8000 feet and also between 11,000 and 14,000 feet. Most of
Eastern Alr Lines' icing date were obtained gbove 12,000 feet, whereas
Northeast Airlines! icing encounters were. all obtalned below 8000 feet.
The Pacific Coast route to Alaska provided lcing data at altitudes be-
tween 8000 and 13,000 feet.

Temperature of Icing Clouds

The temperature of icing clouds is a prime factor in establishing
the amount of heat required for ice prevention or removal in thermal
protection systems. The temperature data from this survey are included
to add to the published research informstion (ref. 1) on temperatures of
icing clouds. In evaluating the data it should be realized that the
conventional aircraft temperature indicator from which the present date
were obtained has limlted accuracy, particularly in lcing clouds. The
accuracy of the temperasture observation was indicated by the fact that
when the Prequency of the tempersture values was tsbulated in 1° C in-
crements the readings peaked at values of O°, —50, —lOo, and -15° C. The
scale. of the temperature indicator on most aircraft can he read conven-
iently only to the nearest 5° C increment, and the values between are
epproximations.
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In calculating the true cloud temperatures from the indicated values,
a correction for the kinetic temperature rise in !satUrated air as & Punc-
tion of alrspeed and altitude was applied.. A recovefy factor of 85 per-f
cent for the probe was used based on & flight celibration in dry air of
an airline temperature instellation. A cumulative frequency curve of
the corrected data (table I and other flight crew obfervations) plotted
in figure 12 shows that 90 percent of the temperature observations were
gbove -15° C (+5° F) and that the lowest temperathre meassured in icing
clouds was -27° C (-17° F), which is about equivelent to the lowest tem-
perature previously reported (ref. 1). Figure 12| includes 380 tempera-
ture observations from all the air routes. Temperatures obtained across
southern Canade and from the Pacific Coast route to Alaska were generally
lower than those from the more southern latitudes! within the same alti-

tude range. L= —
Icing cloud temperatures as a function of pressure altitude are

shown in flgure 13. In this plot, the average temperatures were computed

for each 1000-foot increment of altitude. The wide spread of tempera-

tures for the altitude range covered by the present data is outlined by

the shaded area on the figure. For data obtained|dufing climbing and

descending, the temperature readings were assumed|to be taken st the . .. .

altitude where lcing was first encountered. A rather comsistent drop in

the average temperatures with increasing altitude!is moted, although there

was considerable scatter because of the few observations available at-

altitudes greater then 15,000 feet. Temperatures from previous research .

data (ref. 1) also plotted in figure 13 show rather good agreement with

the present data below 12,000 feet, but are over 6° C lower at altitudes

greater than 12,000 feet. The large differences, 'particularly at higher

altitudes, may be attributed to climatic conditions. Most of the data at;

altitudes sbove 12,000 feet were obtained from southeastern United States,

whereas a large peart below 8000 feet were obtained from northeastern

United States. Most of the temperstures from the middle altitudes were

measured over the central route across the Unlted States.

Icing-Rate Measurements | I e TEE e

The intensity of the icing encounters is defined in this report as
the rate of ice accumulation on the icing-rate meter probe. The icing
rate was also used to calculste the approximete liquid-water content of
the icing clouds. Not all the icing-rate values indicated by the meters
can be considered reliable, however, because inco@plete freezing or run-
off effects were experienced by the probe at cloud temperatures sbove .
-11° ¢. Unfortunately, about 60 percent of the lcing-rate data were with-
out corresponding temperature observetlons and therefore could not be

evaluated as being within or outside the reliablefranéé of operation of o

| = el
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The icing-rate data with assoclated temperature observations were
used to determine the intensity of the encounters. The range of icing
rates considered reliable is shown in figure 14 as & function of cloud
temperature (discussed in the appendix). This curve shows, for example,
that at -6° C (21° F) icing rates up to 5 inches per hour are within the
calibration accuracy, but beyond this rate run-off occurs and the data
become unrelisble. To determine the frequency of occurrence of reliable
icing rates as well as those beyond the range of the meter, the data were
plotted on a cumulative frequency baslis with respect to total time in
icing conditions. As explained in the section ANALYSIS OF DATA, the
aversge lcing rate was computed for each l-minute period. This gave
approximately 1400 minutes of icing-rate measurements with known cloud
temperatures. Figure 15 is a plot of these data grouped according to
temperature intervals and considered on a cumulative basis using lecing
rates equal to or exceeding 1 inch per hour. The temperature grouping
allows extrapolations of the icing-rate data beyond the reliasble limits.
The extrapolations are based on the slope of the curve for the low tem-
peratures which is well defined within the relisble limits. These data
can be represented by & straight line on semilog paper. The solid lines
extend to the limits of relisble measurements, whereas the dashed lines
are extrapolations beyond these limits. Figure 15 indicates that the
frequency of given icing rates lncreases with temperature. This greater
frequency results from the greater amount of flying time in lcing at the
higher temperstures (80 percent of the encounters were above -11° C, fig.
12) . The fact that all the lines have the same slope would indicate that
there is no dependence of icing rate on cloud temperatures; this may not
be quite true for all icing conditions.

Liquid-Water-Content Calculations

Average values of liquid-water content for each l-minute increment
of icing were computed from the corresponding icing-rate values. The
results were considered relisble or unrelisgble as established by the
icing-rate data and are plotted in figure 16 for the same tempersture
intervals as used for lcing rates. The solid lines are within the reli-
eble range and the dashed lines represent extrapolations beyond the run-
off limits. The greater frequency of higher water contents associated
with high temperatures is also evident in this figure. In the temperature
interval from -2° to -4° C, about 10 percent of all the data exceeded 0.5
gram per cubic meter; less than 6 percent of all the data exceeded this
value at temperatures below -10° C. An extrapolation of the data in the
temperature interval from -2° to -4° C shows that 1.0 gram per cubic meter
or greater exists for only 2 minutes of every 100 minutes in icing.

A frequency distribution of liquid-water content for all tempera-
tures can be obtained by totaling the relisble and extrapolated frequen-
cies of figure 16. The data in the temperature intervals of figure 16
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are combined into the solid line shown in. figure 17 : Only liquid-water
contents greater than 0.l gram per cubic meter weére considered. This _
figure shows, for example, that the liquid-waterlcontent is greater than
1.0 gram per cubiec meter for 7 minutes out of every 100 minutes in icing’
conditions. The total data obtained from the meters including those in
the unrelisble range are also plotted on this figure These date indi-
cate that the meters gave somewhat higher values|in the unreliable range;
at liquid-water contents up to'about 0.9 gram per cubic meter and then
dropped off rapldly as the intercepted water ran off “the ice-gensing
Probe. This comparison Indicates that all the measurements (reliable and
unrelisble) treated as a group are within +15 percent of the probable
velues up to 1.0 gram per cubic meter, = oo - - .
The water contents measured during airline ¢per&tion were slightly
lower then previously published data from rotating milticylinders taken
in cumulus clouds but are considerably higher then similar measuremerts
taken in layer-type clouds (refs. 5 to 8). These comparisons are also
plotted on figure 17. Whereas 1 percent of the liquid-water contents of
the presgent data probably exceeded 1.6 greis perlcubic meter, the same
amount from the earlier data exceeded only 0.7 gram per cubic meter in
layer-type clouds. A distinction between cloud types was not possible
from the airline observations, although it would /be TFeagonable to assumne
that most of the records came from layer-type clouds, considering oper-
ational procedures, time of the year, and the areas over which the data
were taken. The duration of the encounters would further indicate & pre-'
dominance of data from layer-type clouds. The difference of measuring
methods used to obtain these data and those previously publisghed may be
responsible for the differences in the data results._ The icing-rate meter '
date are continuous for an entlire icing condition and give an average
for l-minute intervals, whereas the multicylinder method only sampled the
clouds at certain times and gave an average value over intervals of from
3 to 5 minutes. Also, as pointed out in the previous section ANALYSIS
OF DATA the meter indicated higher liguid-water contents than those si-'_

multaneously measured with multicylinders in nonuniform icing clouds.

The relation of average liquid-water content to the horizontal extent
of ilcing clouds in an. encounter (neglecting nonicing periods) was studied
using all the deta regardless of the reliability .of the measurements.

For average liquld-water contents up to 0.7 gram[per cublc meter, no par-
ticular variation with the extent of icing clouds was evident within .
dlstences of about 80 miles. At distances greater than 80 miles, however,
average liquid-water content decreased with increasing extent and only

0.3 gram per cubic meter or less existed in distancea exceeding 160 miles
The greatest extent of icing clouds measuring above G 7 gram per cubic o
meter was 90 miles, and 90 percent of these higher liquid water contents
were in icing c¢louds extending less than 50 miles.  ~
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The icing-rate records indicated considerable variation of liquid-
water content accompanying many of the intermittent icing conditions.
Average values of icing rate for complete encounters, excluding periods
of nonicing which exceeded 1 minute, are tabulated in tables I and ITI.
The average liquid-water content waes determined for the longest contin-
uous incident selected from the intermittent conditions in each encoun-
ter. These values, also tabulated in tebles I and II, are in some cases
about 0.2 gram per cublc meter higher than the aversge for the entire
encounter.

Total Ice Accumulation

Liquid-water content and extent of the icing cloids determines the
total thickness of ice collected on aircraft components excludi
collection-efficiency effects. The total ice thicknegs is defined as the
thickness calculated to accumulate on the sensing probe if 1t was not
de-iced periodically. This can be considered gas the largest thlckness
that any component collects because of the high collection efficiency of
the probe. This value is considered to partially measure the severity
of an icing conditjon and is used as a basis for comparison of the
statistical data. ! .

An ice thickness that would hypothetically collect on the sensing
probe was obtalned by totaling the l-minute periods of lcing rate
(in./min) measured by the probe during each encounter. The ice thickness
was computed for each encounter and is tabulated in tgbles' I end IT. A
cunmulative frequency curve of these values using all the data collected
from the meters is plotted in figure 18. "“This plot shows that about 93
percent of the data are from icing encounters where 2 inches or less of
ice would have accumulated on the probe. Conditions yielding up to this
amount of ice were called “trace to light icing" by the flight crews,
depending upon the cloud temperature and the type of alrecraft. Cloud
temperature can influence the type of ice formastion with equivalent total
accretions, creating more adverse conditions (mushroom-type ice) at higher
temperatures. Hypothetical ice accumulstions greater than 2 inches (7
percent of the encounters) were generally called "moderate icing" by the
flight crews. Moderate icing caused losses of airspeed up to 25 miles
per hour or required an Increase iIn engine power. The maximum accretion
calculated was 6 inches of ice, which was collected over a distance of
151 miles in one case and 158 miles in another case.

A close agreement 1s shown 1n figure 18 between the limited quantity
of preliminary datas obtained during 1950 and 1951 (ref. 2) and the more
extensive data collected during 1951 and 1952. The information of this
report is almost 10 times the volume of the earlier data. The similarity
of data from the two seasons mey be explalned by the fact that 55 percent
of the data of this report were obtained from similar transcontinental
DC-4 operations from which all the previous data were obtalned.
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SUMMARY OF RESULTS | =. R

This report summarizes the statistical icing data collected from - ,
scheduled sirline flights over United States and anéaian air routés Trom
November 1951 to June 1952. The following significant information was
provided: : ! = Coe =

(1) Almost one-half of over 600 separate iciﬁg encounters loggedltyli ‘
the airline ailrcraft were intermittent icing condltlons where several '
nonicing periods during an encounter indilcated broken-cloud conditions.

(2) About 10 percent-of the encounters: excee&ed 120 miles in hori- _
zontal extent, with one encounter reaching a distance of 430 miles. Dis- -
tances in which icing was continuous, however, did not exceed 124 miles,
and 90 percent of these unbroken conditions extended less than 50 miles.
These measgurements were influenced by the distance between scheduled stops
and by other flight procedures which varied among|the airlines collecting _
data. =

_— =

climbs and descents gave maximum cloud thicknesses of 10,800 feet for o i
multiple layers and 5500 feet for single layers. About 90 percent of all _ -
the vertical cloud traverses were less than 4500 feet. ——— -

(4) Almost 90 percent of the temperatures observ'a in icing were . __
above -15° C (+5° F), and the lowest temperature o served was -27° C ol R -
(-17° F). ! - B

(5) Liquid-water contents computed from_icing-rate measurements l -
exceeded 1.0 gram per cublc meter for 7 minutes out of f every 100 ninutes '
in icing conditions. The total frequency distribution of water contents . .
at all temperatures was obtained by extrapolation bf the data into the . oS
unrelisble range of the iging-rate meter. These dBta are lower than i
previously published information obtalned in_cumulus &louds but consider-
ably higher than earlier date taken in layer-type clougs. For horizontal: =
distances exceeding 160 miles, liquid-water contents averaged 0. 3 gram T
per cublc meter or less. _ - - T,

(8) Total ice accumulation, defined as the thickness of the ice cal-
culated to collect on the ice-sensing probe 1f continuous icing was per-
mitted, was computed to be 2 inches or less for 93|pertent of the encoun- - -~
ters. The maximum accumulstion was 6 lnches of 1ce cdlculated for two o
encounters extending sbout 150 miles. B = . Ged T e

Lewls Flight Propulsion Laborstory - T o ST
National Advisory Committee for Aeronautics - L
Cleveland, Ohio, July 6, 1955 . e s
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APPENDIX - CALIBRATION OF ICE-SENSING PROBE

The rate of lecing indicated by the ice-sensing proBe can be ex-
pressed by the relation .
R =G§)x 60

where
R ieing rate, in./hr
T ice thickness, in.

P icing period, or heat-off time, required to accumulaste ice to thick-
ness T, min

The lecing period was determined by the ice thickness required to
plug the total-pressure holes (0.016-in. diam) in the ice-sensing element
(0.1-in, diem) to the point where the differential-pressure switch would
be actusted (differential pressure equal to 8 in. of water). The ice
accretions on the probe were viewed through an optlcal enlarging system
in the Icing Research Tunnel of NACA Lewis lasborstory. These observa-
tions showed that the required ice thickness (normally about 0.020 in.
on the leading edge) varied with air velocity, air temperature, and rate
of icing on the probe. The possible effects of droplet size and altitude
were not investigated.

A calibration wes made using the megnifying system to measure the
ice thickness and a stop watch to measure the icing period. An accuracy
within £10 percent of the indicated icing rate resulted from the limited
accuracy of these measurements gt the higher icing rates. Since the
ilcing period iIncreases with decreasing lcing rate, better accwracy was
possible at the lower rates. An icing rate of 12 inches per hour (icing
period of about 0.1 min) was considered the readsble limit of the in-
strument, and values exceeding this amount sre noted in the data tables
as 12+ inches per hour.

Further studies were made in the Icling Research Tunnel to determine
the effect of the heat of fusion on the ice accumulating on the probe.
Some of the supercooled water implnging on the probe could be seen run-
ning back and falling to freeze to the ice surface when the surface
temperature was apparently elevated to near the freezing point by the
heat released as the impinging water froze on the surface. The condi-
tions for incomplete freezing (run-off) depend upon the ambient air
temperature, rate of impingement, air velocity, and altitude. The limits
of air temperature and icing rate beyond which run-off occurred were
determined visually and are shown in figure 14. Although the ice-
sensing probe continues to operate above these limits, the indications
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are erratic and cannot be considered relidble. Sincé& air velocity and '
altitude had little effect over the range covered'

In the range of conditions in which run-off occurs, the data obtained .
are useful in defining the horizontal and vertical extent of icing clouds,

the frequency of occurrence of ilcing, and an approximation of the icing
severity. : : : -
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TABLE I. - Continued, MEASUREMERTI AND CORRELATED OBSERVATTORS OF ICING CONDITIONZ ENCOUNTERED DURING ROUTIME AIRLINE OPERATIONS FROM NOVEMBER 1951 TRROUGH JUNE 1862

(b) Enat Coast (U. 3.) routes
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TABLE I. - Continned. WEASUREMERTS AND CORRELATED OBSERVATIONS OF ICING CONDITIONS ENCOUMTERED DURIHG ROUTINE ATRLIHE OPERATIONS FROM NOVEMBER 1951 TAROUGH JUNE 1952
{6) Rortheaatern’(U.8.) routes

FPressure Horl- |Mmber|Total |Averegn Average| Moxionm continuous | Oeleu- |Aver- |Cor- Date | Time Looation of aboounter Flight observations and comments
nltitude,® (zontal or borl- |ioing |liquid-| icing incident lated |zge rested (100a2)
e extent [1cing |zonsal|rate water within enpountsr total |trus |adr
of en-{inei- |leing,|for all t dloe air- | bemper-
. ooun- [dents ®l |icing |for all|Aver-|Aversge|Horl- | acoumu-|spesd, 1tg1-n_.
tar, for inoi- [laoing [age |liquid-|sontal|laticn,| mph tH
ml fen- dents, |inoi- |iaing|water |ex- in.
ootn - in./hr |dents, |rete,|son- tent,
ter &fou m m./ tent, -}
b |gfon m
8, aoogasoo 13 2 8 8.0 0.0 8.2 0.9 E | Ou 14 -3 2/1/5¢ | e126 EsT|Over Buntington, No comaenta
18 1 18 9.8 1.0 9.8 | 1.0 18 1.2 154 -3 [2/g/% | 1120 ES7|Lebanon, N. H. ho Wortifield, Vi [Repid loe moowmilsticn
] 400/‘:5, 56 3 2t 5.4 .5 6.2 5 1o .8 176 -2 2/2/62 | 1815 ESP|Northfisld, W&, to Durlington, Iaght Lloing
. °.
4,300 [:] 1 8 8.6 5 6.8 <5 5 2 169 -2 E/S 1813 EST|Near Preaque Isls, Mains ¥o ice visible
5,200/2, 100 [ 2 28 8.6 5 5.8 “+ 23 [ 156 -3 /62 | 0317 EST|Woodstock Conh. to Worcester, No ocomments
4,100/5,300 | 55 2 39 8.5 N 7.7 W7 22 | 1.7 165 -8 2/1/62 | 0916 EST|Woodstock, Conn. to Horth " |1tant to wod rough la-
Scikuate, Mens. tion
1,800/2,200 | 37 2 18 3.0 .3 | 3. + a 3 159 -4 2/7/52 | 1006 HIT|Boston, Mans. to Portsmouth, Light rime on windsbield wnd boots
¥. d.
L,000 | B2 [T 2 41 1.0 * fa.al .8 24 | 1.8 185 -5 |a/7/%2 | 1567 mam , Masn. to Myennig, Masa.[lLisht icing
/5,600 | 38 3 p8 1.1 4 | BB .8 14 T 175 =5 2/11/52 1600 E9Y| Montpelier, Vi. to Burlington, Yery thin los
Ve,
£,400 23 1 £1 5.8 a4 .8 . a1 .5 180 -8 2/11/59 2000 E3%|Montreml, Que. to Burlington, ¥t.|¥ery thin lce
2,900/2, 200 11 1 i} 7.7 .7 T 11 .8 170 -3 2/16/52 1 1842 ENT]New Oanaan, Oortn. to Port Tracs of low
) Chester, W. Y.
8,300/4, 800 ] 1 ] 4.0 .3 4. .5 9 .2 185 -9 2/19/52 | 1845 EST Hmtpnl].n", Tt. to an-u.ngtm, Frase of lae
vt.
"500486500 15 1 15 4.3 T . 7 1B .. 148 -14 2/15/m2 | 2108 EST| Out; of Burlingtom, ¥t, Light rime
4, 5 1 3 12+ 1.2+ |12+ 2.1+ 3 £ 183 -8 2/2¢/52 | 1446 EST|Salm, Comm. bo Providence, R. I.|Tight rime
1,800 12 1 1= 4.1 N 5.1 .1 12 .E s -9 2/e2/52 | 21054 EST|Over Badford, Mass. Trase of loe
2,200,/3,800 -] 2 3 5.8 -8 | B,0 .5 21 1.6 157 B Ed25/E2 | cash 'Worsester, Mass. to Boaton, Masa.|Light rime
3,600/5,000 | 30 2 5| 7. i | ilse | T .2 [ass | -8 7752 | 1515 EST|Baverhill, Mass to Boston, Mess. |Frage of ice
5,300 3 1 9t 12.0 k.1 |12.0 | 1.1 k] .8 171 -2 [y 1814 Providencs, R. I. to Noosup, Aapid ice aocumalation
400 57 2 | e | 3 6 [ss] .o | 2| o |us7 |- | 1858, ES*] Ovwr Port Chaster, . Y. fapid las acowsalation : ,
4, '+, 800) & [ " § q 0.7 E A3 o.m:l .3} & l A F r -2 111 285" &9 New York, ¥. Y. and Harp}u b aowmpertrion - -4 |- H :
B . - b ' L : Bridgeport, Conn. . e -
5,100/%,300 | 15 1 13 [ 10.8 1.0 pho.s | 1.07 15 .9 157 -8 |3/1/52 | 2420 EST Between Mew York, N. Y. and Rapid ice soouwmuletion
) Bridgeport, Corut.
4,900/5,800 | 16 1 16 .4 a1 74 -7 16 .8 164 | -20 |3/8/2 | 1255 ExT|Bedfard, Masa. bo Boston, Mass. |Light icing
5,800 132 7 41 4.5 e 5.3 W3 4 | .2 162 -4 |3/9/52 | 1355 K9T|Boston, Mass. to Bartford, Cown. |Light loing
| 2.300 6 1_{ & { 8.8 ¢ .8 |9.8 q 6| .3 85 | -p / 1612 B8 Ovar_Wor o, Mass. Mo R — -
2,500 e | A | &= | 8.9 | .6 [S5.9 .6 [ & | 184 - | -2 /58 ['1700 RE%[Out of Woroester, Mase. ¥o commenta : -
6,500/5,800 | 11 1 u 5.0 5 |'s.0 .S m | 3. |18 | 12 |3/13/50 ! 1726 EST Over Barlingten, No comments .
5 i " I N g . 4 g . A " r " b . . s . .
SR EN T AT, 1 ik 8 R it |y Y, (A SR e R T o
2,800 .60 B B § 4.6 .4 4.0 .5 38 i.2 | 1ms -5 3/18/52| 2126 X5%|Between Bangor, Maine and Idight ice o ’ : E
. . i - i Preagque Tals H R .
3,800/5, 800 30 1 30 8.5 .7 les .7 30 1.2 6L |. = 3/00/62 | 1500 E9F Pn;:}u Inle, Maine to Bangory Light low O
. ne
8,000 ] 1 | 5.0 5 | 5.0 .5 9 2 178 -5 |3/21/82 | 1850 EST|Comoord, M. H. to Barlington, Vt.|Very light wime . >
6,000 24 5 19 4.1 4 P57 .8 8 .5 a8 |° -8 3/21/82{ 1750 EST]|Borlingten, Vt. to 8. of Very light rime . E
. . Fontpelier, Vt.
2,000/, 800 21 1 21 | 3.8 L4 5.8 . 21 5 5% |, -2 %A/SE 0928 E37|Bosten, Masa. to Conoord, N, K. |Yery Light rims
4, BOCI/R a0 33 | 2 37 5.7 | 5.9 5 a7 ] 158 |, ~4 4/80:] OOES 'EST|Concerd, M. H. to Lebancn, N, H, [Very light rime: E
w0 altitudes meparate] by / indicate beglming and eod of Lolog Guring clish or descens, 9.
. . %%
[v3)
R

-
Jr—
3

.1
"

. . : . ' Log! .

H . - -. Al
al oo o aa Ca 0 L T s . . e L H:L'}'l'l‘.h U L. li-—-r-‘lh-_.l PETEY




TABLE I. - Conoludad. WEANUREWENTS AND OCXNELATED OBAXAVATIONS OF ICTHO CONDITIONS RWCOUNTERED DURING ROUTINE ATALINE OFEHATIONS FRON NOVEMEER 1851 THROUGK JONE 1652

(4) Transoontinentml Camada routes

Presaurs Bordl- |Howber|Total Maximom saatituous | Caleu- Cor-~ Looatlon of sheounter Flight chaervations and cosmsuts
altituds,® |zontal tr - icing ineident lated reatod
re axtent|lcing |zontal] within ensountar total alr
of wn-|inol- |icing, ios tenpar-
coun- [dentm ml Ay 2,000 ature,
ver for um 1ation, og
= water in.
soun- oen- -
tar tant,
gfeu m
4,800 1 1 0.9 0.1 -3 2 Approgsh to Saskavoon, Baask, No aommenta
18,5300 37 37 o .9 ~26 1 Ovar Oramcent Valley, B. C, Tes on windshleld
8,200/8,500 8l 11 .6 11 -4 hmﬁx:.u-tm, ont. and Gors %o commmtn
> §
1%, 400 16 7 3 A -1 Batwoen A, Jomn's, Newf. and | Trece of rims in altostratus oloud
Moniraal, Que.
L,000 a8 1.1 . B T =15 Over Lake Bupl:rim- No commants
15,800 28 B 1.8 .1 .1 -8 1515 RST|10 M1 B of London, Ont, Wo oommmnta
(o) flo Codat Smttle, Washingbon ko Aleska
2,000 147 10 a0, 1.9 2.7 0.2 0.8 Ll 0850 P3T|Pat Bay, B, C. to Copex, I.i‘h’l to medmate glaza
5,!bo{u,am 153 5 80 2.1 2.7 .2 .7 -8 0450 PIT | Pat Bay, B, C. to Qomex, Ro comments
11,100 8 1 [:] 1,9 1.9 .1 .1 -8 O8SC AT Pat Bay, B, C, 3o Oomox, Ho commensa
4,5Q00/10,700| 118 5 &0 1.8 2.2 .2 .8 -0 Q880 P3T|Fat Bay, B, €. to Comox, No commenta
a,mo/s_.ino 4l ] o 1.7 ) 2 2 -10 0850 PAT|Pat Bay, B, C. to Comex, Ro oomsnta
5,300 8 1 & 1.5 1.3 <1 .1 ~10 Fat Pay, B, €. ta Comox, Ne oomments
9,800 15 1 .18 | 1.8 1.8 1 ol -8 oRos PFat Bay, B, 0. to Qowex, Ho oommemis
10,000 65 3 ).} 2.8 3.5 3 o -6 Q225 PST|Pat Bay, B, 0. to Comox, Ne oomsents
4,400 a8 2 31 £.8 2.2 & R -8 Fat Bay, B. C. to Comex, o, ocamants
4,900 L] 1 4 5.0 5.0 b .1 -8 Pab Eay, B. C. to Comox, Ho oommenta
a,100 8 1, B 4.1 4.1 .3 .1 -8 Pat Bay,-B, G, to Jomox, B Ho oomments
7,100/%,5%00 Bi 2 | 17 11 1l .1 1 -1 Paniz, B. €, t¢ Annotte Yaland, |'rass of loa
®,800/8,300 %’ 1 %0 1.8 1.9 .8 -1 201 -9 1BECS An:;::ahhhnd ta Cantavus, Mwum rein’at atars of
- a.
7,800/8,500 17 1 a7 2,7 2.7 82 .2 208 -8 1130 fSistara Ialand, Almnia ta Haines,] Light slear jce
A
10,100 183 .3 [.L:] 2.8 .2 g ar =135 Iyell, B. €. intarsastion Light rime, loat £H wph airspesd
11,800 10 1 10 .2 -1 204 -27 Betwaan Qustawus, Alanke and Trace of rime
Halned, Munlm
500 8 1 . 8 1,0 .1 Bt ane —— Over Port Oamble, Wamh. Traoe of rims
7,800/5, 600 ™ .1 24 4.5 N .3 205 -8 Ovu' Anoette d, ‘Trace of rime
. . 78 -1 b= 2.1 o -] 204 -11 Bakim Lake, N.W.TF. tn Iyell, Total sacuaulaticn ecasidersd
B, 0. trace
8,700 35 1 53 1.3 5 .2 200 =5 Amnette Inlapd, Aleaka to Very noft los
Petaraburg,
9,500 a7 1 7 - 8.7 2.7 .2 b 208 -5 Qver Junpau, Alasika ¥o aownants
10,000 ” 2 &8 3.0 5.2 .2 1.0 209 -3 100 M1 ¥ of Port Eaxdy, url'p“d dropped from 182 to 180
Vansouver Island
10,704 151 [ 8 5.7 4.7 <3 .8 an -11 Wear Quenn Charlotta Stradits I.'I.xad rine and snow
10,800 11 1 11 2.5 2.8 .2 . az7 «g Hear Quasn Oharlotte Stradita Rims loe, used 500 hp
10,800 [ 1 & 4.8 4.4 3 -1 220 =13 Near Pataraburg, Light riwa
,500/'9,200 28 R 15 5.1 4.9 o 3 19¢ -3 4 M1 S of Comox, B, O, Intermittant light rime
8 Boo/m 0a| o6 [ 20 3.5 2.8 .2 8 209 -4 4 WL 8 of Oomax, B. C. No oomments
1 1 T ®.3 2.3 .8 +1 ®l9 -8 Intll‘.lt!ent loing
a8 EDO/I- &0 1 80 5.4 3.4 ] 1,0 211 -1B Esattle, Wash. to Junesu, Alasia | Light la
2.800/i800| 1 | 2 | 25 | 31 2.1 2 4 o | as Seattle, Vasn. £0 Napean, Alasin | Leght deins o

fwo altitudes ssparabsd by / indicate beginning and end of

loing during alimh or deseent,
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TABLE IT. - MEASUREMENTS ONLY OF ICING CONDITIONS ENCOUNTERED DURING ROUTINE AIRLINE
OPERATIONS FROM NOVEMBER 1951 THROUGH JUNE 1952 L2 L

(a) Transcontinental and Pacific Losst (U.3.) routes .
Pressure Hori- [Number|Total |Average|Average| Maximum continuous |Calcu- |Aver-
altitude,® [zontal|of hori- {icing liquid-{ icing incident lated age
rt extent |icing | zontal|rate water | within| encoffiter total true
of en-|inci- [dis- for all|content - ice air-
coun- {dents |tance |icing for alljAver-|Averagd |Hori- ] accumu-|speed,
ter, for in inci- icing - (age liquid-(zontal| lation,| mph
mi en-. icing, {dents, |incl-_-|lcing|water .|ex- in.
coun- mi |in./hr |dents,  |rate,!cdn- =|tent,
ter g/cum | in. ltent, | mi
jeu n
=
4,100 75 4 30| 3.8 0.4 | 8.8 0.5 16 0.7 | 197
5,000 [} 1 6 7.8 .7 7.8 Y 6 .3 192
5,200 8 1 7 3.7 27 3.7 2 7 .1 231
8,100 58 3 27 2.9 .2 2.5 t.2 14 o4 204
13,400/14,200| 13 1 13 4.9 4 4.9 4 13 .3 192
F i
15,800 15 1 15. 3.8 .2 ] 3.8 .2 15 .2 230
15,000/14,100| 16 1 18 10.5 .7 7 110.5 .7 18 .7 233
13,600 40 1. 40 6.1 4 6.1 4 ] 40 1.3 237
11,400/10,300| 21 2 13 1.4 .1 1.9 .1 I 13 .1 254
12,600/11,800] 23 1 23 6.1 .4 6.1 4 ] 23 .6 226
9,800 17 1 17 1.4 A 7l 1.4 Q0T 17 .1 249
8,900 50 2 38, 6.6 .5 6.4 .5 31 1.2 230
12,600 8 1 8 3.9 .2 3.9 .2 8 .1 251
13,100 56 1 56. 3.1 .2 3.1 .2 - B8 .7 242
12,900 56 2 49 10.4 .7 {10.3 7 45 2.3 224
10,700/5,400 68 2 60 4.5 .3 5.0 4 50 1.3 213 -
5,400 4 1 4 1.8 A ] 1.8 .1 4 ) 214
11,300 8 1. 8 5.4 4 5.4 .4 8 .2 244
8,100 20 1 20 3.2 .2 3.2 {.2 20 .3 197
8,500 7 1 7 1.5° .1 1.5 1 7 .1 221
6,900 8 1 8 8.5 .6 8.5 .6 8 .3 225
3,600/2,300 26 1 26 7.5 .8 7.5 o8 26 1.4 141
3,300 6 1 6 10.5 1.0 10.5 1.0 6 . 165
2,700 12 1 12 1.6 .1 1.6 (1 12 .1 184
4,000/2,400 12 - 1 12 9.9 .7 9.9 Y7 12 .7 184
3,700 3 1 3 7.5 .6 7.5 .6 3 1 197
4,800 8 1 8 6.1 .4 8.1 le 8 2 209
7,100/4,900 29 2 21 7.6 .5 4.7 Lz 12 .8 250
$,700/7,400 18 1 18 3.8 .2 5.9 tz 18 .3 289
13,300 50 1 50 4.2 .3 4.2 3 50 1.1 230
6,100 . .12 1 12 3.2 .2 -] 3.2 ‘2 12 .2 230
8,500/7,100 17 1 17 7.8 .5 7.8 5 17 .6 204
8,100 8 1 8 2.1 .2 2.1 2 8 1 228
5,400/6,000 8 1 6 3.8 4 3.8 4 6 .1 174
6,500/5,000 21 2 11 1.0 W1 1.0 1 14 W1 214
13,500 54 3 14 3.5 .2 3.2 2 7 .2 217
12,800 29 "1 29 4.4 .3 4.4 3 .| 29 7 22]
13,400 77 1. 77 5.9 .5 5.9 «5 77 2.5 193
13,400 63 2 54 6.2 .5 6.3 5 31 1.8 189
13,400 28 2 18 4.2 .3 4.8 <4 14 4 212
12,000 171 3 151 8.3 .8 6.9 5 77 6.3 210
11,000 42 1 42 4.2 3| 4.2 J3 42 .8 227
8,800 151 5 95 5.8 4 8.3 .5 42 2.7 227
6,300/3,20 47 2 41 7.2 .5 |12+ 1.0+ 32 1.7 189
5,100/6,400 8 1 8 11.0 1.1 11.0 1.1 8 .6 162
4,200/3,500 24 1 24 2.0 W1 2.0 W1 24 .2 235
4,300 100 2 76 7.5 .8 ‘7.8 .B 66 2.8 208
13,000 12 1 12 9.3 .8 9.3 B 12 5 231
13,300 12 1 12 4.1 .3 4.1 e 12 2 232
3,800 41 1 41 . | 10.5 .8 [10.5 .8 41 2.1 203
10,300 8 1 8 9.6 .7 9.8 .7 8 .3 228 e
5,300 4 1 4 3.0 .2 3.0 .2 4 .1 216
8,300 18 1 18 2.7 .2 2.7 .2 18 .2 213
8,100 ° 66 2 59 . 8.0 .6 8.8 .5 -58 2.4 198 °

8Two altitudes separated by / indicate beginniﬁg and. end of iéing aﬁring climb or
descent.
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TABLE IT. - Continued. MEASUREMENTS ONLY OF ICING CONDITIONS ENCOUNTERED DURING
ROUTINE AIRLINE OPERATIONS FROM NOVEMBER 1951 THROUGH JUNE 1952

(a) Transcontinental and Pacific Coast (U.8.) routes - Continued

Pressure Hori- |Number|Total |Average|Average| Maximum continuous |Calcu~- |Aver-

altitude,? zontal|of hori- |lcing liquid-{ 1icing Iincident lated age
£t extent| lcing ]|zontal [rate water within encounter total true

of en-|inci- {dis- for all|content ice alr-

coun- {dents |tance |icing for all|Aver- |Average |Hori- |accumu-{speed,
ter, for in inel- lecing |age liquid-|zontal|lation,| mph
mi en- icing, ([dents, |inci- lcing (water ex- in.
coun- mi |in./hr |dents, |rate,|con- tent,
ter g&/cum | In. |tent, mi
g/cu m
9,600 89 3 58 T.4 0.5 9.4 0.6 35 1.8 232
11,500 16 1 16 8.8 .6 9.8 .6 16 .6 246
6,200/4,700 15 1 15 3.3 .2 3.3 .2 15 .3 220
6,300 60 3 41 4.7 4 5.3 -4 25 1.2 188
12,300 15 1 15 3.4 .2 3.4 .2 15 3 229
7,100/10,100 55 2 14 7.7 .6 7.7 .6 10 .5 206
7,000 14 1 14 2.2 .2 2.2 .2 14 .2 208
9,200 47 2 37 3.6 .3 2.9 .2 30 .7 200
12,400 20 1 20 3.7 .2 3.7 .2 20 .3 241
9,300 161 4 111 3.7 .3 4.5 .3 72 2.0 215
4,100 65 1 65 4.5 -4 4.5 X 65 l.4 202
5,300/5,900 S 1 9 6.6 .6 6.6 .6 9 .3 177
11,800 64 1 64 4.9 4 4.9 4 64 1.4 225
9,700/8,300 |- 28 1 28 6.9 o4 6.9 4 28 .8 240
9,600/3,900 71 2 42 9.1 .6 9.3 .7 35 1.8 2i2
7,700/3,600 87 3 28 1.6 .1 1.2 .1 18 .3 212
6,100 100 2 g2 9.0 7 8.3 .7 S3 4.4 197
8,300 30 1 30 2.8 .2 2.8 .2 36 .4 223
12,400 . 100 4 57 5.1 4 7.0 .5 21 1.4 212
10,200/9,700 18 1 19 3.7 .3 3.7 .3 19 4 227
13,500 8 1 8 2.2 2 2.2 .2 8 .2 239
4,400/3,000 56 2 40 2.9 .2 2.5 .2 28 .8 198
6,500/1,800 57 7 24 1.3 .1 1.5 .1 14 .3 163
9,200 102 3 23 2.3 .2 2.9 .2 19 .3 227
6,200/2,900 64 4 22 3.9 .3 3.2 .3 10 .5 192
5,300 21 1 21 1.9 .1 1.9 .1 21 .2 208
7,400/2,300 96 3 53 3.3 .3 4.0 3 40 1.1 188
14,800 15 1 15 6.4 .5 6.4 .5 15 .4 220
2,200/1,500 5 1 5 4.5 .5 4.5 .5 5 .2 140

1,300/2,300 8 1 8 7.4 .7 Tk .7 8 -4 163
5,100/5,800 7 1 7 4.8 4 4.8 .4 7 .2 221
9,200/11,400 69 3 29 4.2 .3 4.8 Y- 29 .7 217
4,000 26 1 26 6.7 .5 6.7 .5 28 1.0 197
5,000 9 1 9 6.8 .6 6.8 .6 9 4 189
5,600/7,600 24 1 24 10.3 .9 10.3 .9 24 1.4 205
11,400 25 2 22 10.1 .8 9.2 .7 14 1.0 215
13,700 270 7 45 4.5 .3 5.6 -4 19 1.0 225
9,700/.7,600 84 2 46 7.0 .5 7.7 .5 38 1.4 228
. 9,700 118 3 31 8.7 .6 7.8 .5 23 1.3 231
6,500 75 2 56 5.2 3 4.8 3 44 1.4 238
13,200 11 1 11 4.3 3 4.3 3 11 .3 221
10,000/7,100 71 2 49 3.7 .3 3.9 3 35 .8 212
9,500/10, 700 66 1 86 5.7 .4 5.7 4 66 1.8 208
11,500 23 1 23 8.9 .6 8.9 .6 23 1.0 227
13,8600 63 2 48 8.1 .6 7.1 .5 37 1.9 221
5,900 22 1. 22 5.9 -4 5.9 4 22 .6 219
10,800 31 1 31 2.1 .1 2.1 .1 31 .3 230
§,500 4 1 4 9.7 .7 9.7 T 4 . 226
8,800 &85 1 65 9.4 .7 9.4 .7 65 2.8 216
6,900 34 2 11 2.2 .2 2.8 2 8 .1 225
5,600/4,100 16 1 16 3.4 .2 3.4 .2 18 .2 243
4,600/5,000 7 1 7 7.0 .6 7.0 .6 7 2 209
6,400 ‘37 1 37 9.2 .7 g.2 .7 37 1.7 202
4,600/3,700 16 1 16 5.7 - .5 5.7 .5 16 .5 189

8Two gltitudes separated by / indicate beginning and end of icing during climb or
descent.
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TABLE II. - Continued. MEASUREMENTS ONLY OF ICING CONDITIONS ENCOUNTERED DURING
ROUTINE AIRLINE OPERATIONS FROM NOVEMBER 1951 THROUGH JUNE 1952 '

L. — . i " 2
(a) Transcontinental and Paocific Coast (U.S8.) ro%tes Z Concluded B .
essure Horl- iNumber|Total |Average| Average Maximum'contfhuous Calcu- {Aver-
titude,2 |zontal|of hori- |iocing liquid-| ieing incident lated |age
't extent [icing |[zontal|rate water within éncounter total true
of en-|inci- |dis- for all|econtent 4+ - ice alir-
coun- [dents [tance |icing for all|Aver-|Average|Hori- | accumu-{speed,
ter, for in inci=- icing age liquid-|zontal| lation,| mph
mi en- lcing, |dents, |inci~ leing|water ex~ in.
ceun~ mi in./hr |dents, |rate,|con- tent,
ter g/cu m | in. |tent, mi
B cu m
4,200/5,000 7 1 7 6.0 0.5 6.0 .5 7 0.2 222
7,600/4,000 40 1 40 3.8 3 3.8 3 40 7 216
11,400/5,600 169 S 8l 3.7 1 3.0 .2 34 1.6 230
7,700/5, 600 108 3 23 5.4 4 2.8 {.2 13 .8 198
6,200/8,400 17 1 17 6.8 .6 6.8 I.S 17 .7 174
1
10,900/8,300 91 3 30 6.5 4 5.8 tedk 19 1.0 228
8,300/6,500 50 3 28 3.9 -] 4.7 Tk 18 .6 212 .
8,500 39 2 28 2.9 .2 | 2a l2 s 4 | 213
2,300 8 1 8 4.2 -4 4.2 4 8 .2 169
11,200 22 1 22 4.8 b 4.8 L 22 R 217
11,000 46 3 31 3.8 .3 3.8 !.5 18 N 232
7,200 4 1 4 4.6 .3 4.6 L3 4 .1 234
6,900/4,500 16 2 ) L T.2 .5 7.0 .8 6 oA 188
10,600 4 1 4 2.0 1 | 2.0 1 4 .1 231
5,400/@,800 32 2 25 6.4 .5 6.2 L5 14 .7 212
4,800/8,400 38 2 21 6.5 .5 7.8 LG 14 .6 2086
14,700 37 1 37 2.5 2 2.5 #e 37 .5 247
5,700/2,800 14 1 14 3.9 .3 3.9 <3 14 3 214
3,700 35 1 35 2.7 2 2.7 Lg 35 4 208
3,600 22 1 22 1.5 .1 1.5 Li 22 .2 220
7,600 89 1 89 3.7 .3 3.7 }3 89 ( 1.5 223
12,200 25 1 25 . 2.5 .2 2.5 L2 25 .2 247
10,200/11,500 13 1 13 7.5 .6 7.5 LS 13 .5 190
6,400/6,600 107 2 77 7.5 .8 7.9 ;6 66 2.6 221 -
12,300/11,200 6l 1 61 4.3 -] 4.3 3 61 1.2 227
10,200/9,100 28 1 28 5.6 4 5.6 L4 28 .8 209
7,300/6,800 9 1 9 3.8 .3 3.6 »3 9 .2 173
13,100 224 7 35 3,8 .2 6.6 2 8 .7 2351
8,300/&;700 33 1 33 11.7 .8 11.7 3 33 1.8 219
a,700/8,500 | 11 1 11 9.5 s |55 té 11 5 | 229
6,3Q0/8, 400- 99 1 99 5.2 4 5,2 14 99 2.8 212
“7,0Q0° 12 1 12 1.5 .1 1.8 oL 12 .1 238
7,100 . 25 1 23 1.1 .1 1.1 i 23 1 233
10,800/11,200 23 -] 11 8.1 .8 6.1 & 8 4 228
711,200 34 .2 15 8.5 .6 8.0 g 7 .6 224
11,200 53 2 12 7.1 .5 8.3 j4 . 8 .4 230 -
7,Q00/3,700 64 1 64 6.3 4 6.3 4 64 2.0 226
6,100/&,200 22 2 11 2.3 -9 3.2 .3 8 .2 167
T 713,400 38 2 30 2.7 .2 3.3 J2 19 .4 227
11,900 8 1 8 1.8 .1 1.9 Wl 8 .1 231
11,900 40 3 22 5.6 4 4.8 I3 11 .6 |'22]
.t 10,400 : 39 1 39 12.0 .9 12.0 lg 39 2.2 215
11,100/10,200( 25 1 25. 3.4 .3 3.4 3 25 4 184
10,900/9,600 20 2 11 4.4 -4 “5.1 5 8 .3 170
13,400 24 1 24 2.3 .2 ‘2.3 .F 24 .2 237
11,200 106 2 19 4.6 .3 6.2 X 15 .5 227
12,200 82 2 €6 4.8 3 4.5 .h 54 1.6 233
1,600/1,500 9 1 9 1.6 .2 1.6 .E 9 .1 138
4,000/8,500 136 3 119 6.5 .5 6.8 o 51 3.8 204 .
8,500 41 2 37 1.5 .1 1.5 iy Tt 26 .3 22g
1
l,SOO/S,QOO 168 2 158 7.7 .6 7.5 -B 102 6.3 198 '
§,200/5, 800 11 1 11 5.7 .4 5.7 .4 11 .3 | 215 T
11,000 91 3 53 4.4 .3 | 3.0 .E 41 1.1 | 226 _
7,100/8,100 37 1 37 8.5 7 8.5 . 37 1.6 203
| ,

2Two altitudes separated by / indicate beginning and end of icing during climb or
descent. :

T
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TABLE II. - Continued. MEASUREMENTS ONLY OF ICING CONDITIONS ENCOUNTERED DURING
ROUTINE AIRLINE OPERATIONS FROM NOVEMBER 1951 THROUGH JUNE 1952
(b) East Coast (U.3.) routes

Pressure Hori- |NumberiTotal jAverage|Average| Maximum continuous |Calcu- |Aver-
altitude,® |zontal|of hori- [icing |liquid-| leing incident lated J|age

£t extent| leing [zontal]rate water within encounter total true
of en-|inci- |dis- for all|content ice air-

coun- |dents [tance |icing for all|Aver-|Average|Hori- |accumu-{speed,
ter, for in inei- leing |age liquid-|zontal|lation, | mph

mi en- icing,|dents, | incil- lcing|water ex- in.
coun- mi |in./hr |[dents, [rate,|con- tent,
ter g/cu m | in. [tent, mi
cu m
14,400 23 1 23 4.5 0.3 4.5 0.3 23 C.4 280
14,700 204 S 155 3.8 .2 4.0 .2 119 2.0 298
4,100 5 1 S 9.7 .7 9.7 .7 5 .2 262
4,200 4 1 4 12.0 .7 12.0 .7 4 .2 193
3,800 21 1 21 2.1 .1 2.1 .1 21 .2 265
17,600 150 3 60 1.5 .1 1.5 .1 40 .3 301
2,600/1,200 5 1 5 1.7 .2 1.7 .2 ] .1 156
1,700 2 1 2 5.7 4 3.7 4 2 .1 150
3,400/2,800 22 1 22 7.6 .5 7.8 .5 22 .9 185
6,500/3,800 39 3 32 2.7 .1 1.5 .1 S 4 213
13,300/10,300] 180 4 35 4.4 .2 2.9 .2 20 .5 300
4,400/4,000 9 1 9 2.5 .2 2.5 .2 9 .2 130
13,800 168 3 25 4.6 -4 7.2 -4 10 4 299
13,800 260 5 107 3.4 .3 4.4 .3 56 1.3 279
4,200 4 1 4 9.0 .6 9.0 .6 4 .2 219
4,000 4 1 4 6.0 .5 6.0 .5 4 J 225
17,300/14,400 20 1 20 6.8 .35 6.8 .3 20 .5 305
7,600/5,200 43 1 43 5.5 -] 5.5 3 43 .9 256
13,800 38 2 24 4 .1 1.1 .1 19 .1 283
13,800 80 4 27 .9 .1 .9 .1 13 .1 268
15,400 23 2 . 139 .5 ] .1 1.0 .1 9 .1 280
14,500 112 5 58 1.2 .1 2.5 .2 17 .3 250
21,900 131 3 74 2.1 .1 2.0 .1 63 .5 315
14,000 51 2 34 3.8 .2 4.2 .3 30 .5 255
15,700 5 1 5 6.2 3 6.2 .3 5 .1 284
11,800/15,700 40 3 24 2.3 .2 5.5 -4 12 .2 241
19,700 46 2 26 1.4 i 1.4 "Ll 21 .1 308
10,800 244 6 129 3.1 .2 1.9 1 60 1.5 276
11,400/14,500| 175 7 83 4.3 .2 2.8 .2 28 1.3 276
14,500 14 1 14 9.3 .5 9.3 5 14 .5 282
5,000/4,700 31 1 31 5.5 .3 5.5 .3 31 .7 265
(c) Northeastern (U.S.) routes

5,900 7 1 7 12+ 0.9+ |12+ 0.9+ 7 0.4 217
5,300 5 1 5 2.1 .1 2.1 .1 5 .1 240
5,300 71 1 71 3.7 -3 3.7 .3 71 1.3 203
4,400/2,500 97 3 48 3.3 .2 5.2 .4 21 .8 207
3,400 22 2 11 2.1 .2 1.6 .2 8 .1 167
2,500/2,000 16 1 16 6.5 .6 6.5 .6 16 .7 158
2,600/4,700 13 1 19 5.1 .5 5.1 .5 19 .6 164
4,800/1,700 103 4 79 3.3 .3 2.8 .3 35 1.8 163
1,200 [} 1 6 3.0 .3 3.0 .3 6 .2 122
1,700/2,400 S 1 s 4.1 .5 4.1 .5 51 .1 159

2Two altitudes separated by / indicate beginning and end of icing during c¢limb or
descent.
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TABLE II. - Concluded.

NACA RM E55F28a,

ROUTINE ATRLINE OPERATIONS FROM NOVEMBER 1951 THROUGH J'UNE 1952

(d) Transcontinental Canada routes |

5 L)

MEASUREMENTS ONLY OF ICING CONDITIONS ENGGUNTERED DURING

Pressure Hori- |[Number |Total |Average|Average Maximum con inuous' Calcu- |Aver-
altitude,® |zontal|of hori- |icing liquid-| ilcing incidént - |lated age
£t extent|loing |[zontal|rate water within encoynter_ )total true
of en-|inci- (dis- for alljcontent - = .lice air-
coun- |dents [tance |icing for all]Aver- Avarag? Hori- jaccumu-~|speed,
ter, for in inci- icing age liquid-+|=zonfal|lation,| mph
mi |en-- icing,|dents, [inci- |icihg|water '|ex- : in.
coun- mi  [in./hr |dents, |rate,|con- ||tent,
ter ecum | in. |tent, || mi
hr g/cu m| -
4,800 A 1 4 | 124 1.1+ {124 A+l E} o2 |1
2,800 3 1 3 12.0 1.1 12,0 1 1 ! 3 .2 174
13,100 4 1 4 l.4 .1 l.4 .1 4 .1 206
13,800 5 1 5 2.5 .1 2.4 a 5 .1 271
13, 300/14 000 11 1 11 £.8 .4 4.8 4| 11 .2 227
: | -
15,600/9,100 52 . 3 17 2.2 1 2.8 .2 a. .2 239
12,700 4 1 .4 5.5 .5 | 5.8 .5 4 I .1 183
13,000/Z,90D 24~ 2 22 1.8 174 1.7 .1 14 .2 203
16,500 17 1L 17 3.7 .2 3.7 .2 17. .2 249
8,300 55 2 35 7.0 .5 6.07 .5 } 2g” 1.2 208
7,400/5,200 47 3 31 4.8 .4 3.% .3 16. .8 187
5 400/10 200 30 . 3. 19 4.5 .4 5.0 4 11 .4 225
7 400/4 900 19 1 18 3.9 .2 3.9 .2 19" - 224
(e) Pacific Coast route: Seattle, Washington to klasﬁi_ -
10,700/11,800 | 183 4 63 2.8 0.2 2.2 0.2 25" 0.8 211
13,300 39 3 32 2.5 .2 3.2 2 14 .4 211
13,000 107 4 55 . 1.8 .1 1.7 .1 26~ 4 221
11,000 21 1 21 2.3 .2 2.3 .2 21, .2 207
8,100 29 2. 18 1.3 .1 1.} 104 18 .1 218
8,700 55 *3 17 2.9 .2 4.8 .4 7 .3 205
9,300 23 1 23 2.2 .2 2.8 .2 3 23 .3 193
9,700 25 1 25 1.3 .1 1.3 .1 25 .2 215
12,400 35 3 10 1.0 .1 1.0 .1 = .1 193
9,600 147 S 93 1.8 PR 1.9 .1 79 .8 215
3,800 57 1 57 4.2 .3 4.2 .3 57 - 1.2 201
10,700/9,800° 18 1 18 1.7 .1 1.7 .1 18 .1 212
10,500 . 4 1 4 7.5 .5 7.5 .5 4 .1 229
12,600 12 - 1 12 1.0 .1 l.g_ .1 12 .1 233
9,000 13 1 13 3.6 .3 3. .3 13, .3 200
10,200 213 10 107 - 1.3 .1 1.3 .1 23 .7 200
13,000 64 2 19 4.2 .3 3.7 .3 157 .4 224
9,800 10 1 10 1.8 .1 1.8 .1 102 .1 207
9,800 4 1 4 1.7 .1 1.7 .1 4 .1 215
9,000/5,300 7 1 7 1.8 .1 1.8 .1 1. .1 212
5, 900/9 200 3 1 3 1.4 .1 1.4 .1 3L .1 197
9,500 157 7 50 1.4 .1 1.2 d 13- 4 201
3,600 11 1 11 1.0 A 1.9 .1 11 .1 219
10,500 51 3 20 2.6 2. 3.1 .2 7 .3 204
10,500 T4 2 17 3.7 .3 3.4 .3 10 .3 202
9,600 7 1 7 2.1 2. 2.¥ .2 7 .1 197
9,600 48 2 44 2.3 .2 2.5 .2 31 .5 204
9,600 21 1 21 2.0 .2 2.0 .2 21 _ .2 212

8Two altitudes
descent.

separated by / indicate beginning and erd of

1cin% duriﬁg climb or
- .
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‘Removable f1lm drum r !

C-33542
C~31.024

Ioe-gensing proba Control wnlt

Foms 1. - Components of NACA pressure-type icing-rate meter.
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Ice-sensing element (O.lO{inch:diam)

Support tubes

Ice-free otaI-

Total-pressure holes
& ~Prossure 1o pressure %ube

(0.016-inch diam) in
leading edge of probe

Alr
flow

pressure
line

Trensformer to
supply heating
current to probe

Orifilce

S Dirferential
pressure switch

Sl T Pmm
) g
&

Power source (a-c) [

Figure 2. - Schematic diagram of NACA pressure-typg iqing—raﬁe meter.
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NATIONAL ADVISORY COMMITTEE | Recorder Counter No. Data Sheet No.
FOR AERONAUTICS at Installation: Film Drum No.
Lewis Flight Propulsion Laboratory Airline
at Removal: Icing Meter No.
21000 Brookpark Rd. Airplane No.

Cleveland 11, Ohio
ICING DATA SHEET FOR STATISTICAL STUDY OF AIRCRAFT ICING

Please Note, These data supplement measurements of rate of icing being recorded on film by NACA icing
rate meter installed on this aircraft. Meter automatically starts upon encountering icing (recording light)
and stops approximately |5 minutes after end of an icing encounter {fTlashing light}. Numerical recorder
counter identifies icing encounters on recorder film and therefore must be entered on this sheet to cor-
relate these data with the film records.

Fill in following information when icing is encountered:

(Space on back for any detailed comments such as operation of meter,

type of ice, cloud formations, effects on aircraft, etc.)

REC- DATE FLIGHT| TIME AT [EST'D ALT. OUTSIDE EST'D DE-
ORDER NO. START [TIME MSL AtR ICING [ !CING
cOUNT- oF IN J{FEET) TEMP. INTENS EQUIP. GEOGRAPHIC LOCATION OF ICING
Er NO. ICING |ICING SiTY | USED?
{rocaL) l(min) ¥ or %C

c. 818 (6/9/52

Figure 3. - Sample of data sheets supplied with each icing-rate meter £1lm drum to obtain
supplemental iclng information from flight crews.
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Example: Dash length, 0.36 in.
Film speed, 1.0 in./min
Telng perlod, 0.38 min

Altitude reference Teing rate, 3.5 in./hr

' Airspeed trace
Altitude trace 7

i A ekt Py A .. P e e e i S . . ATl . i . . Y Y. S E— . o s e e . S e

- - i"-_ el tesoDmm— =2 | LIRS S —— -~

Icing-rate trace Alrspeed reference C-SO_B:'ZT
o Separation between icing encounters
' -t—— Time

Figure 4. ~ Section of data film from pressure-type lcing-rate meter recorded during lcing encounter
by sirline alrcraft.
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Perocent of ilcing encounters with horlezontsl extent

less than specified values

100
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40
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Horlzontal extent of icing encounters, ml

Flgure 7. - Cumlative frequency of horlzontel extent of lclng encounters.
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Figure 8. - Frequency distribution of icing ':anidents. per

encounter.



Percent of continuous leing incidents with

horizontal extent less than specifled values
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Horizontal extent of contimious leing incldents, mi

Flgure 9. - Cumlative frequency of horizontal extent of continuous icing ineidents
wlthin icing encounters.
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Percent of encounters with totel distance in icing conditions

100
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8

less then specified values

—
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: Total distance in icing conditions, mi

Figure 10. - Cumilative frequency of total distance In icing conditions
obtained by summation of all icing incidents within the encounters.
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100 —
- 7 v
: f
—
8
o v
o 4
[J]
S o /
g%
> o /
o
% / Single and multiple layers
aH / — — —— Cingle layers odly
8§ 40
T8 [
3 {
Q
Lol
;1
°© 20
FL
g |l
[3]
]
& /

o 2 4 6 8 10 12x10%

Vertical extent of icing clouds, ft

Figure 11. - Cumulative frequency of vertical extent of ieing clouds
obtained during routine climbing and descending.
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Percent of lcing encounters with temperstures above
: gpecified values
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Temperature of icing clouds, °C
Figure 12. - Cumilative frequency of temperature of icing clouds.
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Ambient air temperature, °C

NACA RM ESS5F28a

-2 ~
j . — —_
-4 : .f
\\\<:r-Beginning of run-off i S
_ | e
o ¢ ! '}
-6 —5 =t

icing ratgs unrelisble

/

VA
b

-10 o
\\\\ o
_ o

2 4 3 8 _ 10 12
Icing rate, in./hr | 2

Figure 14. - Incompléte'freezing (run-off_}imit)'as a function of icing
"rate and alr tempersture on sensing probe of iqingJEate meter. Observed
data, 150 to 250 mph. _ ! ';.
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peclflied values,

observations

Time in icing with leing rate greater than s
percent of total
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intervals,
oo

-2 to -4
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-11 to =27
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— Extrapolations of date
beyond run-off limite

of icing-rate meter
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Pigure 15. - Cumulative frequency of leing rate at various temperature intervals.
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Time in lcing with liguid-water content greater than specified values,
percent of totml observations

NACA RM ES5F28a
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J Temperature
intervals,
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{ o -2 to -4
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4 of :Lci'eg-rate meter
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Figure 16. - Cumuletive frequency of liq_uid.-water conten't at various temperature

vals eomputed. from icing-rate data.



Time in icing with ligquid-water content greater than
speciffed values, percent
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Flgure 17. - Cumulative frequency of all liquid-water content data.
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tiof encounters with iée secumiletions less than
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100
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Calculated total ice accumlation, in,

Figure 18. - Cumnletive freqﬁency of calculated total ice accumulation on sensing
probe of lcing-rate meter, ,
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